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IIpoBesien TeopeTndecKuii aHAJIN3 MTOAXO0I0B K O€33TAJIOHHON KAJTUOPOBKE KBAHTOBOM 3 (DEKTUBHOCTH IITH-

POKOT0 KJjiaCCa aHaJIOTOBBIX JETEKTOPOB Ha OCHOBE U3MEPEHUA CTATUCTUYICCKUX XapaKTEPUCTUK l'IOJ'IEI‘/JI7 TeHe-

pUDPYEMBIX DU MMapaMeTPUIeCKOM paccessHuu cBeTa. llosydennsr obmine BbIparkeHUs M1 (HaKTOpa MOIABIIE-

HUS [ITyMa Pa3HOCTHOTO (DOTOTOKA M KOBApUAINU (POTOTOKOB B CUTHAJIBHOM M XOJOCTOM KAaHAJAX PACCEsHUA,

Y49UTBIBaroliye BOSMO2KHOCTDb CUJIBHBIX d)JIyKTyaLLHI?‘I AMITJIUTY ] OILHO(l)OTOHHbIX OTKJIMKOB IIpUMEHAEMBIX J1e-

TekTOpoB. Ilokazano, uro uamepenune dakTopa MOJABIEHUS IyMa PA3HOCTHOrO (DOTOTOKA C MCIIOJIHL30BAHUEM

JAETEeKTOPOB, HE CITOCOOHBIX pa6OTaTI) B pexuMme cHeTa (bOTOHOB, HE IIO3BOJIAET HAIIPpAMYIO XapaKTEepHU30BaThb

CTEIICHb ,I[ByX(i)OTOHHOI‘O CKaTugd B II0JIE ITapaMeTPUICCKOI'O pacCCesiHNs U OlIpeJe/IddTh KBAaHTOBYIO a(b(beKTI/IB-

HOCTb (i)OTO‘IyBCTBI/ITeJIBHbIX 3JIEMEHTOB 0e3 JOIIOJIHUTEJIbHBIX Ka.HI/I6p0BO‘{HbIX nponeayp. Z[HH OolpeJae/JIeHnu st

KBaHTOBOM ad)d)eKTI/IBHOCTI/I TaKUX JETEKTOPOB IIPEJIJIO?KEH METO/, OCHOBaHHBIIT Ha U3MepeHun 3aBUCUMOCTHU

HOpMI/IpOBaHHOﬁ KOBapualuun d)OTOTOKOB orT KOS(b(bI/IL[I/IeHTa IIapaMeTpuveCKoro yCujaeHusd.

DOI: 10.31857/51234567822180021, EDN: kfkcqw

BBenenmne. B mocieqane roap HAOIIOIa€TCST PACTY-
Uil HTEPEeC K U3y IEHUIO CTATUCTUIECKHUX [IAPAMETPOB
uzaydenns: tepareprosbix (TT'm) gacror Ha GoTOHHOM
ypoBHe u reHeparuun 111 mosielt ¢ KBAHTOBBIME CBOIi-
crBamn [1-10]. OgHuMn #3 HEpPBBIX B 9TOM HAIPAB-
JIEHUHU CTaJu PabOTHI MO HCCIEJIOBAHUIO U IIPUMEHEe-
HUIO KBAHTOBO-KOPPEJIUPOBAHHBIX IIap (DOTOHOB OITHU-
YECKOr0 U TEPAreprioBOro ANana30HoOB, TAK HA3BIBAEMbIX
ONITHKO-TepareproBbix 6udoronos. Budoronsr Taxoro
THIIA POXKJAKTCS IPU IMapaMeTPUYECKOM PpacCesiHUU
(ITP) cBera B CHIIBHO HEBBIPOXK/ICHHOM II0 YaCTOTE pe-
xkume [5,11,12]. K HacTosiieMy BpeMeHH HCCJIeI0Ba-
HBI CLEKTPBI ONTHYIECKOH (“CHIrHAJIBHON”) YacTH reHepu-
PyeMOro u3JIydeHnsl U MOKA3aHA MPUHIIUINAIBHAS BO3-
MO2KHOCTD OIPEJIEICHIS IUCIIEPCUOHHBIX CBONCTB CPE/I
B TT'n nuamasone 6e3 mpsiMoro jerektupoBanust 111t
Boud [4,7,13-15]. IIpoBesennl nepeble u3MepeHus “Xo-
gocroro” TT'n uznydenus [16,17]. Oquako HAPAMYIO
BO3MOXKHOCTb PETHCTPAINN KBAHTOBBIX XapaKTEPUCTHUK
ONTHKO-TEPAreproBbIX OMMOTOHHBIX TOJIEH MOKa ObLIa
IIPO/IEMOHCTPUPOBAHA, TOJBKO HA IMPUMEpPE M3MEPEHUst
HOPMHUpPOBAHHOI Koppesinuontoit dynkuun ¢ B pe-
xkume 1P, 6iamskom Kk crmonTanHOMy [10]. TTockosbky
unabJsogenne crabbix morokoB TT'n dhoToHOB, XapakTep-
HBIX JIJIS HEIMOCPEICTBEHHO CIIOHTAHHOTO pexkmma [IP,
CUJIBHO 3aTPY/IHEHO U3-33 HEBBICOKON YyBCTBUTEJIHHO-
ctu TT'1 1eTeKTOPOB U 3HAYNTEHHBIX YPOBHEH UX IITy-
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MOBBIX CHUTHAJIOB, B 9TUX HEPBBIX SKCIEPUMEHTAX y/la-
JIOCh 3aPEruCTPUPOBATH TOJBKO cjaboe (Ha ypoBHE je-
CATBIX J10JTeit iportenta) oTynane ¢(2) or Kiraccudeckoro
YPOBHSI.

OuesnHo, aro pexkum [IP ¢ BoicokuM Ko3bdum-
€HTOM ycujeHusi ObLT Obl 6oJiee yI00eH JJisi PerucTpa-
[N KBAHTOBBIX CBOICTB OIMTHKO-TEPATEPIIOBBIX ITOJIEH.
IIpu wmcciaemoBaHun ITyIKOB-OJM3HENOB, POXKIAIONIINX-
Csl B 3TOM PEKUME IIPU 4aCmomHto-eviposicderrom 11P,
B KQ4YeCTBE IAapaMETPOB HEKJIACCHIHOCTUA OOBITHO pac-
CMATPUBAIOT KOBAPUAIMIO, (DAKTOD MOJIABJICHUS IIyMa
pasHocTHOrO ororoka (noise reduction factor, NRF)
U JIpyT'He CBsSI3aHHbIE C HUMK XapPaKTePUCTUKH, KOTOPbIe
BBIMHCJISAIOTCS HA OCHOBAHUU M3MEPEHNI TOKOBBIX ITOKa~
3aHUI ONTUYECKUX JIETEKTOPOB CUI'HAJBHOI'O U XOJI0CTO-
ro tpakros IIP [18,19]. Ha usmepenun stux mapamer-
POB CTPOSITCS COBPEMEHHBIE METOIbI KBAHTOBOI CEHCO-
puKHU U 6e339TaJOHHON KBaHTOBOM doromerpun [20—-22].
Opnnako npsimoe niepeHecenue >tux Merojos B Ty qua-
Ta30H HEBO3MOKHO IO OJHON MpocToit mpuunne. Bce
JIETEKTOPBI, IPUMEHsIEMbIE B ONTUIECKUX CUTHAJIBHBIX
1 XoJiocThix KaHajsax [IP, aBirsrorcst oqHODOTOHHBIMU.
HesaBucumo or TOTro, IPOBOJIUTCST PETMCTPAIAsl B aHa-
JIOTOBOM DeXKWMMe WA B peXuMe cdera (HPOTOHOB, CTa-
TUCTUYECKHE KOPPEJISIIUU TOKA3aHUN JIeTEKTOPOB IIpU
9TOM OJJHO3HAYHO OIPEIESISAI0T KOPPEJIANNnio (hOTOHOB B
ucxonHoM noJie ITP [23]. B repareprioBoM ke Juaa3one
JIETEKTOPHI C TAKAMU (DYHKIUSIMHU OKA TPAKTHIECKH
HEJIOCTYIIHBI.
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B macrosmeit pabore mbr paccmarpuBaem NRF u
OTHOCHUTEJIbHY IO KOBAPHUAIIUIO TOKOB, U3MEPEHHBIX B CUT-
HaJILHOM 1 X0JI0CcTOM KaHaJjax [P ¢ moMoIpro 0ObIaHbIX
AHAJIOTOBBIX (DOTOIPUEMHHUKOB, HE 00s13aTeIbHO 00JIa-
JMAoNmX QyHKIAIMA OTHOMOTOHHOTO JeTEKTUPOBAHUS.
[Tosryyennbie OOIIME BbIPAXKEHUsI ITO3BOJISIOT OIEHUTH
BJIMSTHUE CTATUCTUIECKOTO pa3dpoca oqHOMOTOHHBIX OT-
KJINKOB TAKWUX JIETEKTOPOB Ha IPOIELYyPYy XapaKTepu3a-
UM KBAHTOBBIX CBOMCTB ucxomHoro moJjst 1P, a rakxke
paspaboTaTh MOAXObI JJjisi 6e35TaJJOHHOTO HM3MepPEHUs!
KBAHTOBOI 3(PMEKTUBHOCTH IyBCTBUTEIbHBIX JJIEMEH-
TOB IIMPOKOI'O KJIACCA OOBIYHBIX AHAJIONOBBIX JIETEKTO-
pOB.

OO0 OTOHHBIN OTKJIUK, MOJBLI M CPeIHUE TO-
ku B Kaunajax IIP. B mpomecce paborsr roboro om-
THUYECKOrO IIPUEeMHMKa, a Takxke T jerekropa, peru-
CTPUPYIOIIEr0 WHTEHCUBHOCTH IMAJAIONIEr0 U3JIyIeHHUs,
MO2KHO BBIJIEJIUTh HAYAJBHBIN TAIl, CBI3aHHBIN ¢ QOp-
MUPOBaHUEM 3JIEMEHTAPHOI'O MMILYJIbCa (POTOTOKA B pe-
3yJIbTATE TOTJIONIEHUS eUHIIHOrO (POTOHA B (POTOTYB-
CTBUTEJILHOM CJI0€. B cpesHeM, Yrc/I0 TAKIX UMITYJIbCOB
3a BpeMsl PErMCTPAIMH OTJEJIbHOIO IOKa3aHUs Ipubo-
pa {m) 3aBesOMO OTIMYAETCs] OT CPEJHEr0 YHCJa Ia-
jaonmx hOTOHOB 3a TO Ke BpeMs (n), U COCTABJIAET
(m) = n(n), rae n — kBarTOBast 3PHEKTUBHOCTD JIETEK-
topa. Ha BbIxosie npubopa 1pu KazKI0M 3JIEMEHTaPHOM
akTe k dpopmupyercs umMmyabc pOTOTOKA

iG(t) = qrfr(t). (1)

31ech g — 9TO 3apsijl, KOTOPBIl IEPEHOCUT TAKOM “0J1-
Hodorouublil” umiynabe, a fi(t) ounuceiBaer ero Bpe-
menHyio dopmy; mpu srom [ fi(¢)dt = 1. Ijurens-
HocTH U BpemenHble dbopMbl fi(t) 31eMEHTAPHBIX UM-
IYJIbCOB OTPEIENIAIOTCS TapaMeTpaMi BCTPOEHHON CH-
CTeMbl YCUJIEHUS M 3JIEKTPOHHOI 0OpPabOTKM CUTHAJIOB,
[IOCTYTAKIIUX ¢ (POTOUYBCTBUTEIBHOIO CJIosi. B 60Jib-
HIMHCTBE CJlyvaeB, BpeMeHHble dhopMbl fi (t) npakTute-
CKU He QJIYKTYUPYIOT U MOT'YT CYUTATHCS OJIUHAKOBBIMHU
IIPU BCEX 3JIEMEHTAPHBIX aKTaX PErucTpanyuu (POTOHA.
Takoe omucanue CIpaBeInBO HE TOJBKO JJIS TaK Ha-
3BIBAEMBIX “OIHO(POTOHHBIX  IETEKTOPOB — CUYETINKOB
dOTOHOB, y KOTOPBIX B KayKJIOM CJIydae IOIJIOIIEHUS
doToHA HA BBIXOJE CIIENNUATHLHO (DOPMUPYETCs CTAHIAD-
TU30BAHHBIN BBIXOJIHONW WMITYJIBC TOKa, HO U JIJIsl IIPU-
€MHUKOB, HE CIIOCOOHBIX PaboTaTh B CUETHOM PEXKUME.
OnHako UIyKTyalluu i Y JeTEKTOPOB, HE CIIOCOOHBIX
paborarb B pexkuMe cdera (GOTOHOB (TAaK HA3LIBAEMBIX
AHAJIOTOBBIX JIETEKTOPOB), MOTYT OBITH BECbMa 3HAUN-
TEJIbHBIMU.

IIpu pabore B aHAIOrOBOM peKUME, T.€. IPU BKJIIO-
YEHWH B TIEMb PETUCTPAIMU TIOJHOIO BBIXOJTHOIO TOKA,
[IOCTYIAIOIIIE C IyBCTBUTEIBLHOTO JIEMEHTA, JIETEKTOPA

3JIEMEHTAPHBIE (POTO-UMITYIbCHI HAKJIAIBIBAIOTCS JIPYT
Ha JIpyra, U B UTOI'€ PErUCTPUPYETC CYMMAaPHBIA MeHsI-
IOIUNACA BO BPEMEHU BBIXOJIHOU TOK

i(t) = aqrf(t —tw), (2)
k=1

rIe m — YUCJO JIEMEHTAPHBIX OMHOMOTOHHBIX WM-
IIyJIbCOB, IIOIA/IAIONINX 38 BpeMs JeTeKTUPOBaHU TOKA.
OTMmeTnM, 9TO B IEJISIX [IPOCTOTHI PACCMOTPEHUS 3/1ECH
U JjaJiee Mbl CHUTaeM HE3HAYUTEJbHBIMU U HE pacCMaT-
puBaeM BO3MOXKHBIE JIONIOJIHUTEIbHBIE IIIyMOBBIE BKJIa-
JIbI 3JIEKTPOHHON MPUPOJBLI B MOJHBIN TOK. Bpewms me-
TEKTUPOBAHUSI OIPEIEISIeTCs OBICTPOJIECHCTBAEM CXEMbI
PEruCTpAaIY, [IPU HCIOJIb30BAHUN CTPOOUPYEMOrO MH-
Terparopa B cXxeMe U3MEePEHUsA CTATUCTUKNA TOKOBBIX I10-
KazaHuii — 910 BpeMsi cTpoba [24]. B obmem ciayuae
3nadenne (HPOTOTOKA SIBJIAETCS CIyJIalHON BEJIUINHOM,
cpelilHee 3Ha4YeHHe KOTOPOI IIPONOPIINOHATIBHO CpeHel
WHTEHCUBHOCTU I1a/IAIONIET0 Ha JEeTEeKTOD W3JIyYeHUs.
Ilepexonsa Ha s3bIK 4ucesa (GOTOHOB B MOJIE BXOJIHOI'O
uzsyvenus N u yautbiBast obmee uncno M = MM
IIPO/IOJIBHBIX (MH) u nonepeunbix (M) mon usiyde-
HHsI, KOTOPOE PETUCTPUPYET JIeTEKTOP, MOXKHO 3allUCaATh

[25]:

(i(0) = {anf(t —tr)) = (@)nM(N). 3)

k

[TonobHOE onucanre TPUMEHUMO K JIETEKTOPAM, Pe-
PUCTPUPYIOMIMM 1apbl (POTOHOB, KOTOPBIE POKIAIOTCS
upu [IP B HesmHeitHOM KpucTasuie moj JefCTBHEM MO-
HOXPOMATHUIECKO JIa3epHOi Hakadku. Kaxkapiit poron
U3 TEeHEPUPYEMO MApbl PErUCTPUPYETCsl CBOUM JIETEK-
TopoM: doron GoJblneii gacToThl (OnTHYeCKuUil) peru-
CTPUPYETCsI JIETEKTOPOM CHUI'HAJBHOI'O KaHaJja C KBaH-
TOBOI 5 (HEKTUBHOCTBIO 75, 8 (POTOH MEHbIIEH YacTo-
Thl (TepareproBoii, Jubo Tak:Ke ONTHYECKONH) — XOJIO-
CTBIM JIETEKTOPOM C KBAHTOBOI 3((EKTUBHOCTHIO 7);.
B upocreiimem mieasibHOM cilydae perucrparus po-
TOHOB HJIET IBYMS JI€TEKTOPAaMU, COIVIACOBAHHBIMU IIO
YIJIOBBIM AI€PTypPaM U BXOJHBIM ILIOIMIAIKAM TaK, ITO
KaXKJIplii PErvucTpUpyerT H3JIyYeHue B Ipejesax HeKo-
TOPOTO OJMHAKOBOTO KOJIMYECTBA MOJT MHM 1 = M,
B3aMMHO CKOPPEJIUPOBAHHBIX ITOTOKOB (GOTOHOB. B pe-
aJIbHOM JKCIIEPHMEHTE BCErja MOXKeT OBITb HEKOTOPOe
paccoryiacoBaHue MeXKJLy CIEKTPAIbHBIMU HHTEPBAJIAMU
U,/WId NPOCTPAHCTBEHHBIMU AllePTYPAMU JIETEKTUPOBA~
Husi. Peub uier o paccorjiacoBaHuu, KOTOPOE [IPUBOIUT
K TOMY, 4TO OJWH WK 00a JIeTEKTOpa PErMCTPUPYIOT
TaK>Ke HeCKOPPEJUPOBAHHOE M3JIy9E€HUE CBOUX YACTOT-
HbIX obsacTeil B Momax M,; (3[ech i majee j = ¢ WK ).
B ofmmem ciaydae Beipaxkenue (3) i CpejHero 3Hade-
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HUsT POTOTOKA KAXKJIOTO JETEKTOPA MOYKHO MIEPENUCaTh
CJIEJIYIONIAM OOPA30M:

(ij) = (@j)m; (M + My;)(N). (3a)

Cpenree 1nciao GOTOHOB B MOJE WU3JIydeHUS I1apa-
MeTpHUecKoro paccesiiust (IN) 3aBUCUT OT BEJIMIUHBI KO-
sddunuenTa napamMeTpudeckoro ycusienus [25]:

2Mww;

02 \% ksz kzz

I paccTpoiiku (ha3oBoro cHHXpoHm3Ma. 3nech x(2)

Bei E,x?PL (4)

JefCTBYyIOee 3HaYeHNe HeJIMHEHO BOCIIPUAMYUBOCTH
Kpucranuna, L — namna Kpucranmia, I, — aMITITyia Ho-
JIST HAKA4IKH, kg, U k;, — MPOEKIMH BOJTHOBBIX BEKTOPOB
CUTHAJILHBIX M XOJIOCTBIX BOJIH HA HAIPaBJICHUE HAKAY-
ku. B ciygae 60b1I0TO 9ncia PErUCTPUPYEMBIX MOJI,
obI1iee YUCJI0 PErUCTPUPYEMBIX (POTOHOB B KazKJIOM Ka-
HaJIe YBEJIUIUBACTCS C POCTOM KO3 PUITNEHTA, [TapaMeT-
PHYECKOro 1peobpa3oBanus Kak [26]:

(M. + M,;){N) = (M. + M,;)sinh® Sg;. (5)

KosdpurimenT 1ByxMo10BOro cokarus u pak-
TOp MOJABJEHHUS IIIyMa Pa3HOCTHOTO (POTOTOKA
(NRF). CurHajbHblii U XOJOCTOH IIYYKH, DEHEPUDPY-
embie mipu IIP, mmeroT omuHakoBble (IYKTYaIllUUd HU-
cen GOTOHOB TpH JIOOOM K03bdUIMeHTe mapaMeTpu-
qeckoro ycuieHus. KBaHTOBO-ONTHYECKONH XapaKTepu-
CTHKOM JIByXMOJIOBOI'O CXKATHS 110 YUCJILY (POTOHOB IIPH-
HSITO CYUTATH OTHOIIEHUE JIUCIEPCUN Pa3HOCTH YHCEJI
dboTooTCUETOB B CUTHAJIBHOM (1) U XOJ0CTOM (1M;) Ka-
HaJIaX, U3MEPEHHBIX C IOMOIIBIO OJHOMDOTOHHBIX JIETEK-
TOPOB, K CyMMe€ COOTBETCTBYIOIINX CPEIHUX 3HAYEHUI

[18,21,22, 25, 27-29]:

Var(ms —m;)

(phot) —
o
(ms) + (mi)

= (6a)
Hazoem stor akrop “doronnsiv” NRF. Ilpu wuc-
HOJIL30BAHUU HJIeaJbHBEIX JIETEKTOPOB ¢ 7); = 1, myMm
Pa3HOCTHOTO (POTOTOKA IOJHOCTHIO IMOJABJICH, 9€M HU-
Ke KBaHTOBas 3 (OEKTUBHOCTH JIETEKTOPOB, TEM OJIH-
ke doronnsrit NRF npubsnkaercsa Kk MakCHMaIbHOMY
3HAYEHUIO 1, XaPAKTEPHOMY [IJIsi KJIACCHIECKUX HEKOD-
PEeJINPOBAHHBIX IOTOKOB (POTOHOB.

N3mepenne koaddurpienTa JIBYXMOJIOBOIO CXKATHS
C TIOMOIIBIO OTHO(OTOHHBIX JIETEKTOPOB JIE)KUT B OC-
HOBe MeTo/1a 6€33TaJIOHHOI KaJInOPOBKIA KBAHTOBOM 3(h-
dEKTUBHOCTHU CUETHBIX JIETEKTOPOB, pAOOTAIOIINX HEIIO-
CPEJCTBEHHO B CYETHOM DEXKHME, WU K€ B PEKUMe
AHAJIOTOBOI PErnCTPAIUU ONTUIECKUX CUTHAJOB BBICO-
Kot mormHoctu [18,21,22,25,27-29|. IIpu ananorosoit
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perucrpanuu B 3KCIIEPUMEHTE HECIIOCPEACTBEHHO BbHIIUC-
JIdeTCd OTHOIIeHUuEe AUCIIEPCUU PA3HOCTU TOKOBBLIX IIO0-
Ka3aHUU K CpeaHMM TOKaM JE€TEKTOPOB CUI'HAJIbHOI'O U
XOJIOCTOT'O KaHaJIOB:

Var(is — 4;)
(is) + (i)

ﬂﬂﬂ COKpallleHusd 9YUCJia IIePEMEHHbIX 9aCTO BBOJLAT II0-

anal) _

ol (66)

HTHE “DeyIIMPOBAHHOTO” TOKA B OJHOM W3 KAHAJIOB
(HampuMep, CUTHAJIBHOM ), PACCIUTBIBAs €ro Kak (if) =
= ais), rae koaddunuent o = (i;)/(is) J1€rko u3Mepsi-
eTCsl FKCIIEPUMEHTAJIBHO [25]. Beraucisst peynuposas-

bl “roxkosbiii” NRF

O_(anal) _ Var(z’s - Z'L)
red (i) + (i)

U HOPMHDYS €r0 Ha BEJUIUHY OJHOMOTOHHOIO 3apsiia
(gi), MOXKHO onpenesuTb KO3(MMUIMEHT IBYXMOI0BOTO

(phot)
CXKaTusg 110 YUCILY CI)OTOHOB Ured " KBaHTOBYIO 3@—

(I)GKTI/IBHOCTI) CYETHOI'O JeTeKTOpa B XOJIOCTOM KaHaJIe.

(61)

[Tosmyaum obmiee Boipaxkenwue isi TokoBoro NRF
(anal) o
rod > HE HAKJIAJbIBasg HHUKAKUX OIPAHUYCHHI Ha
GUIyKTyanuu aMILIATY/ L, 3JIEMEHTAPHBIX OJHO(MOTOHHBIX

uMIyJIbcoB sierekropos. Coracho onpegesenuto (68),

) _ Vax(i -+ Vartis) = 2((4is) = (14i1)
. CARH 0

S

[Moub3ysich BbBOgAaMU u3 paborsl [25], 3amumem Bbipa-
KEHUs JIsi aucrepcuii pOTOTOKOB KaXKJI0T0 U3 JIETeK-
TOPOB:

Var(i;) = n;(q;) (Me + Mui)(N) (1 +n;(N)) =

o
)
Var<i,s> = O‘2778<Q§>(Mc + Mus)<N>(1 + 778<N>) =

(L+n:(N)), (8a)

— ali’ (q?)

" KOppeJisaniun UX TOKOB:

(isis) = (i3) (i) + amins (qi)(qs) Me(N) (1 + (N)). (9)
st tokoBoro NRF B urore mosrydanm:

O_(anal) _ a(l + Es)<q5>(1 +1s <N>)

red 2 +
(1 +e&)(g) (1 +ni(N)) (qi)ni M.
+ : - () 41). (10)

Baech I KasKI0ro M3 JETEKTOPOB BBEIEH IHapaMeTp
_ 2 (s . .

e; = Var(g;)/{(g;)* (j = $,1), XapaKTepu3yIOmumil cTe-

HeHb (QIYKTyaIyii aMILIATYIbI €70 OJHOMOTOHHOTO OT-

KJIMKA.
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Nzmepenune KBaHTOBO# 3¢ HEKTUBHOCTUA Ode-
TeKTOopoB 1m0 ToKoBoMy NRF. V nerekropos, cro-
COOHBIX PabOTaTh B pesKUME cUYeTa (DOTOHOB, AMILIATY/IA
0THOOTOHHOTO OTKJIMKA IPAKTUIECKH HE (DIIyKTyUpy-
eT, IMCTIePCus 3apaA/a ¢; paBHa Hymo, £; = 0. “Mraosen-
HbIE” TOKOBbBIE IIOKA3aHUS U 9UCJIa (POTOOTCIETOB CBSA3a-
HBI IIPOCTBIM ycaoBueM m; = i;/q;. OTHomenne cpen-
HUX IOKA3aHWI JETEKTOPOB XOJIOCTOTO W CUTHAJILHOTO
kaHaJoB (cM. (3a)) B 9TOM Cilyuae COCTABIISIET

@i (mi) _ @i mi(1+Kq)
0 ma) — as el rs)’ (1)

3zecw xoadpdbunuentsr k; = M, ; /M. BBemenst nys 060-

3HAYEHUs JI0JIU HECKOPPEJUPOBAHHBIX MOJ, IIOIaIak0-

IUX B AIEPTYPHI U IOJIOCHI JETEKTUPOBAHUS KAXKJIO-

ro ImpueMHUuKa. PeaynnpoBaHHbIil KOIMDPUIUEHT IBYX-
(phot) Var(a(ph‘)t)ms—nbi)

MOJOBOI'O CXKaTud Ured = m (Fﬂe

aPhot) = (m.) /(m,) = ags/q;) coBmazaer ¢ HOpPMEpO-
BaHHBIM 3Ha4YeHneM ToKoBoro NRF': Ur(é)(l;ot) = ar(:gal) /qi.
Ucxons u3z obmiero coornomenus (10), nosaydum Bbipa-
2KeHue i HopmupoaHHoro TokoBoro NRF B ciydae

IIPUMEHEHU A O,HHO@OTOHHI)IX JEeTEeKTOPOB:

a(phot) 41 ni

_ Fs + Ki
2 1+ ks

2 )

(12)
IIPU YCJIOBUHU TOYHOTO COTJIACOBAHUS MOJI, PETUCTPUPY-
eMbIX JAByMs aerekTopamu, M,; = M,s = 0 u cooTHo-

anal
ol /(q;) = 1—(N)

urerne (12) npuobperaer npocToii Bu/L

(phot) a(phot) 41
Ored = =5 ~ i (12a)
Cooraomenus (12) u (12a) Jyieskar B OCHOBE M3BECTHO-
ro MeToja 0e33TaJOHHON KaJuOPOBKH CUETHBIX JEeTeK-
Topos [21,22,28,29]. BesycioBHO, TpoIe BCEro mpo-
BOIWTH U3MEPEHHUA HEIIOCPEICTBEHHO B CIETHOM PEXKH-
Me, ITOCKOJIbKY He TpeGyeTcss MH(OpMalus O BeJUdnHe

(phot
onrooTOHHOTO 3apsiia. smepus o,y

U COOTHOIIIE-
HUE CPEJIHUX [IOKA3aHuii IeTeKTOPOB, ¢ noMorbio (12a)
PaCCUNTBIBAETCS KBAHTOBAS 9P (PEKTUBHOCTD JETEKTOPA,
XOJIOCTOT'O KaHAJIa 1);, & 3aTeM U KBaHTOBas 3(PPeKTUB-
HOCTb JIETEKTOPA CUTHAJILHOIO KaHAJA 7)s = 1);/ a/(Phot)
B 6ostee cioxkHOM Ccirydae, KOrJa HAJAYAEM HECOTJIA-
COBAHHBIX MOJ IIpeHeOpeYb HeJIb3sl, HEOOXOIUMO IIPH-
MenaTh coorromenue (12). Eciu nmoroku doronos Ha-
CTOJIBKO BEJINKH, 9TO UMEET MECTO HAJIOXKEHUE OHOMDO-
TOHHBIX HMITYJIbCOB TOKA, IIEPEX0J B aHAJIOIOBBIA pe-
KUM PErUCTPAIMY TaKyKe He MIPeJCTaB/IsieT Tpyia. Kak
BUIHO U3 TOJIY I€HHBIX COOTHOIIEHU, HEOOXOMMMO TOJIb-
KO JIOTIOJIHATE/IbHO U3MEPUTHh BEJUIUHY OTHO(DOTOHHO-
r'o 3apsijia.

IMosyanm u3 obmmero coorrorernus (10) aHamor BbI-
paxkenust (12) juis ciryuaes, He OrPAHUYIEHHBIX [IPUME-
HEHUEM TOJIbKO CUETHBIX JIETEKTOPOB. IIpu TOKOBOM pe-
JKUME PETUCTPAIAH, TPAMEHIMOM K JETEKTOPaM JII060-
ro Tura, cBa3b TokoBoro NRF ¢ kBanToBoit addekTus-
HOCTBIO 7); IPUOOPETAET BH/L
etV ErD)

2 14 ks

anal
o /(g =

o {1 o (m+l-€s N e5(1+ ki) +&i(1 + k)

2 2

(13)
IIpocras mauneitnas cBsa3p TokoBoro NRF ¢ kosdburn-
€HTOM JIBYXMOJOBOI'O CXKATHs HAPYIIAeTCs, JIUHEeTHas
CB$I3b C KBAHTOBOI 3P (PEeKTUBHOCTHIO XOJIOCTOIO JETEK-
TOPA CTAHOBUTCS CYIIECTBEHHO OO0JIee OIOCPEIOBAHHOM.
BuaHo, 9TO eciu 1eTeKTOPhI HE SBJISIIOTCS OJJHO(OTOH-
HBIMH, T.€. €; 7 0, TO JjaxKe B OTCYyTCTBHE HECKOPPEINPO-
BAHHBIX MOJI, CBsA3b MeXKIy TOKOBbIM NRF u kBanToBOIM
3¢ HeKTUBHOCTHIO 7); Oy/1eT 3aBUCETH OT 9nCJIa (DOTOHOB
B Mozie ITP (N):

anal
o /gy =

ot Dt 2 (N)e, + e
= 5 M 5 . (13a)

Iaxke ecsin 06a aHAJIOTOBBIX JAETEKTOPa 00JIAJAI0T HIe-

aJIbHOM KBAHTOBOH 3(p(HEKTUBHOCTDHIO, ITOJTHOCTHIO ITO1a~
BUTH (DJIYKTYaIlud Ppa3HOCTHOTO (DOTOTOKA HE YJIACTCS.
CrapTyst ¢ HEKOTOPOrO HEHYJIEBOIO 3HAYECHUST ESJQFQ (q:),
tokoBeiit NRF Oymer pactu ¢ pocrom uncia ¢poTroHoB B

moze IIP kak ar(:gal) = s=de (1 4+ (N)){(qi).
st abCoJIIOTHOTO mM3MepeHusi KBaHTOBOH 3ddek-

TUBHOCTU AHAJIOIOBOTO jieTekTopa 1mo TokoBomy NRF
HEOOXOMMO 3apaHee OIPEJIETUTD apaMeTphl OgHOMO-
TOHHBIX OTK/JIMKOB IETEKTOPOB — CpemHmit 3apsazm (g;)
u jucnepcnio Var(g;). 9Ty uuHbOPMAIMIO MOXKHO IIO-
JIyIUTD, AlIPOKCUMUDPYsT CTATUCTUYIECKUE PACIIPE/IesIe-
HAA “MTHOBEHHBIX  TOKOBBIX MOKA3aHUH KayKI0rO MpH-
6opa. YCHEIIHbI AHAJNA3 TECTOIPAMM, TO3BOJIAIONIAN
OIIPEJICJINTH CPEJHIOID BEJIMYUHY W JIMCIEPCUIO OJIHO-
dOTOHHOTO 3apsi/ia, MPOBOJWICS PaHee JJIsi aHAJIOrO-
BBIX JIETEKTOPOB PA3JIMYHBIX CIIEKTPAJIBHBIX JHANA30-
HoB [29-31]. Opmako 3TOro HemocrarodHo. B Golb-
IIITHCTBE JKCIIEPUMEHTOB, OCODEHHO IIPH HCIIOJIb30Ba~
HUU CAJIBHO 9acTOTHO-HEBBIpOK nennoro 1P, korma cxe-
MBI JIETEKTUPOBAHUS CUIHAJIHLHOIO M XOJIOCTOI'O KaHAa-
JIOB TIPUHITUIINAIBHO PA3JIUYHbI, HEJIb3si OBITh yBEPEH-
HBIM, 9TO JIOJIU HECKOPPETUPOBAHHBIX MO/ IPEHEOPEKU-
Mo MaJbl. Koaddurmentst k; B coorHomenunn (13) mo-
IyT OBITH BEChMAa 3HAYUTEIbHBIME (KAK MUHAMYM JUJIs

TTucema B 2KOTO
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OJIHOI'O M3 JIETEKTOPOB), W WX 3HAYEHUs HEOOXOIUMO
TaKKe OIPEJIeJISITh 3apaHee.

Paccmorpum ouH 13 BO3MOXKHBIX ITOJIXOJIOB K M3Me-
pennio kBaHTOBOM 3ddexrunoctn T kamama IIP ¢
arasoroBeiM 111 gerekropom o TokoBomy NRF. Pac-
[IOJIOYXKUM B OITHYECKOM CUTHAJIBHOM KaHaje OIHOMO-
TOHHBIN doTonpuemMuuk ¢ £, = 0. B cuty 6osbmoit pas-
HUTIIBI B JIMHAX BOJIH, Xog0cToe u3aydenne [P TT't gac-
TOT MMeeT ropasio OOJIBIIYIO YIJIOBYIO PacXOIUMOCTH
[12] u cioxHee (oOKycupyercss HA COOTBETCTBYOIIUI
JIETEKTOP, YeM ONTUIECKAs COCTABJISIONAs U3JTy YCHUS
IIP. B stux ycaoBusaX, MaKCHMAJbLHO PACKPBIB BXOJ-
HbIE allepTyphbl U II0JIOCY IIPHEeMa B CUTHAJBHOM KaHa-
Jie, MO2KHO TPEIIOJ0oKNATh, u4T0 111 nmpmeMHUK peru-
CTPHUPYET TOJBKO KOPPEJIMPOBAHHBIE MOJbI, & OITHYIE-
CKUIl MOYXKET 3aXBaThIBATH 3HAYUTEILHO OOJIBIIYIO YaCTh
u3JydeHns B curaajbHoM kKauase [IP. Takum ob6paszowm,
ki = 0, HO Ky HEOOXOIMMO OmpeaeuTh. PacmomoxuM B
xosocToMm TpakTe ycranoBku [IP mepen TT'n merexTo-
pom buIbTp ¢ mepeMmenHbIM nporyckannem 1. [Ipoana-
JIM3UpyeM JIMHEHHbIE 3aBUCHUMOCTH U3MEPSEMOro B Ta-
KoOIi ycTaHoBKe HopMupoBanHoro rokosoro NRF ot unc-
aa dororos B Moje ITP (N) u nponyckanusi dusibrpa
T:

(amal) yg oy _ <a<qs>/<q¢>+€i+1 T >+

o _
red 92 1+ ks
1 + &;
214 kst 2
Bapbupyst MOIIHOCTD JIa36PHON HAKAYKH TPU HOCTOSH-

HoM T, Gyziem MeHATH (N) B COOTBETCTBHU C COOTHOIIIE-
ausivu (4), (5). AnnpokcuMaryst oIy YeHHON 3aBUCH-

+ T, (N). (14)

MOCTHU JINHEHHOM (PYHKIINEN TO3BOJIUT OIPEE/IUTH I1a-
paMeTphl

a(gs)/{qi) +ei+1 Tn;

A1 (T) = 2 — 1 + /{S,
By(T) =Tn; <m + %) : (15)

[TpoBost AlIIPOKCUMAIIAHY IIPHU PA3TMIHBIX ITIPOITYCKAHM-
ax wmwibTpa T, HaligeM KO3IDOUIMEHTH JINHERHBIX 3a-
sucumocreit A1(T) = As + BoT u B1(T) = BsT:

i+ 1 ) . )
A, =Gt g _ele)/le)  m
2 2 14 ks
1 i
B3y =, (16)

2(1+ k5 ) 3
ITo sTuM Tpem YucjgaM MOryT OBITH OIIPeJie/IeHbl KBaH-
toBas 3pdexkruBnocts TT'1 meTekTOpa 1);, OTHOCUTE b
Has JUCIEPCUsT €10 OAHO(POTOHHOTO 3apsia €; U, MOy T-
HO, KO3 UIMEHT 3AI0THEHUS MOJ, CUTHAJILHOTO KaHa~
Ja Ks. CpeiHue 3apsiibl 000OUX JETEKTOPOB IIPU 3TOM
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JIOJIPKHBI OBITH HAWIEHDI 3apaHee — HAIIPUMED, U3 AHAJIH-
3a CTATUCTUIECKUX PACHPENETICHUN COOTBETCTBYIONIUX
TOKOBBIX ITOKa3aHuil. TOYHOCTb TAKOIO METO/1a u3Mepe-
HUsT KBAHTOBOM 3 derTuBHOCTH OymeT B OOJIBINON cTe-
[EHW OTPAHUYEHA TOYHOCTHIO PE3YJILTATOB BCEX Mepe-
YUCJIEHHBIX AIMPOKCUMAIUOHHBIX IIPOIEILYP.

Nrak, xotsa nu3dmepenne TokoBoro NRF ¢ ucmnommbzo-
BaHUEM AHAJIOTOBBIX JETEKTOPOB HE MMO3BOJIAET HAIPSI-
MYIO XapaKTepHU30BaThb CTElEHb JABYX(OTOHHOTO CXKa-
Tt B 1ose [P, BO3MOXKHOCTD OIpejiesieHusT KBAHTO-
Boit apderTuBHOCTH TakuX JeTekTopoB 1o NRF Bce xe
ocraercsi. OIHAKO TIPU ITOM, TIOMUMO TPSIMBIX H3Mepe-
uwnit TokoBoro NRF, moTpebyeTcst 1omoTHUTEIbHOE TTPU-
BJIEYEHNE HECKOJBLKUX AMMTPOKCUMAIMOHHBIX TPOTIELYP.
TourOCTBH TOTy9€HHOTO pPe3yabTaTa OyIeT 3aBEJOMO HII-
2Ke, 9YeM IPH aHAJIOTUYHON KaJInOPOBKE OHOMOTOHHBIX
[IPUEMHUKOB.

N3mepenne koBapuanuu TOKOB [Jisi Kajub-
PoBKU KBaHTOBOI1 3ddekTuBHoctu. Temepn pac-
CMOTPHUM HOPMHUPOBAHHY O KOBAPHUAIIIO XOJIOCTOTO U Pe-
JIyIIIPOBAHHOIO CUrHAJIBHOTO TOKOB C' = (§i%64;) /({i;)+
+ (i%,)). Ilpunumast Bo BHIMaHUe cooTHOIeHue (9), s
JIIOOBIX THUIIOB UCIIOJIB3YEMBIX JIETEKTOPOB MOXKHO 3aIlH-
CaTh:

Cllas) = =0

m(l‘F (N)). (17)

UccnenoBanne 3aBUCUMOCTH 9TOTO KOPPEJISIIIMOHHOTO
rapaMerpa OT MOIIHOCTH Jia3epa [TO3BOJISET HAIIPSIMYIO
OIIpEJIeJINTh OTHOIIICHHE ﬁ 6e3 KaKoil-lubo JI0I0JI-
HUTEJIBHON nH(MOPMAIMH 00 YPOBHE COIVIACOBAHUS MO/T
B XOJIOCTOM KaHAJIE K; U JUCIIEPCUSIX OTHOMOTOHHBIX OT-
KJINKOB 060ux jiereKTopoB. To »Ke OTHOIIEHHEe MOXKHO
U3MEPUTH IPU TOCTOSTHHOM U3BECTHOM ducjie (hOTOHOB
(N), Bapbupys npoiryckanue 1’ 3jileMeHTa, IIOMEeIEeHHO-
ro B xo0JiocToil KaHas. OMHAKO [Jisi TOTO, YTOOBI OIIpe-
JIEJINTH CaMy KBAHTOBYIO 3(D(MEKTUBHOCTD, HEOOXOINMO
3uaTh (14 Ks). ToabKO IIpU 1IOJIHO YBEPEHHOCTH B TOM,
YTO HECKOPPEJIUPOBAHHBIX MOJI B CUTHAJIBHOM KaHaJIe
HeT U Kg = 0, MOXKHO 110 KOBapHUaIluu U3MEPUTH KBaH-
TOBYI0 3P DEKTUBHOCTD. 3aMETUM, ITO JOIOJHATETHHOE
U3MepeHre CpeTHEro 3apsiia (¢;) 1 HOPMUPOBKA KOBAPH-
Ay Ha ero BeJIMYMHY He TPeOYIOTCs B TeX CIydasiX, KO-
I7Ia HHTEpecyeT He KBAHTOBasI 9P (HEKTUBHOCTD JETEKTO-
pa 7;, a ero aMIep-BaTTHasl 1yBCTBUTEJBHOCTD, PABHAS
{qi)ni / (hws).

Nrak, npn maMepeHnn KBaHTOBOI 3dheKTuBHOCTH
AHAJIOrOBBIX JIETEKTOPOB 10 KOBApUAIMUA TpPEOOBAHUS
3HAYUTEJILHO IIPOIIE: HEeT HeOOXOUMOCTH B UCIIOJIb30Ba~
HUU OIHO(POTOHHOIO JETEKTOPA B CUTHAJBHOM KaHAJIE,
HE HaJI0 PErUCTPUPOBATH TOJBKO KOPPEJIUPOBAHHBIE MO-
JIBI B XOJIOCTOM KaHaje. JloctaTrodno cy3urs HabOp MOz,
CUT'HAJIbHOI'O KaHAJIa HACTOJIBKO, YTOOBI B HUX IIOIA AN
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TOJIBKO MOJIBI, COTJIACOBAHHBIE XOTsI ObI C YaCTBIO MOJ,
ITP, perucrpupyeMbIX XOJIOCTBIM JIETEKTOPOM.

IIpn mpumenerHun o6OMX PaCCMOTPEHHBIX METOIO0B
TOYHOCTb WM3MepeHUusl 7); Oy/eT 3aBUCETb OT TOYHOCTH
U3MEPEHNUsI TOKOBBIX IIOKA3aHWil, a8 TaKXKe TOYHOCTH
OTIpeJIeJIeHUsT AMILIATY Bl OJHO(DOTOHHOIO OTKJINKA, Ka-
JOPYeMoro JieTeKTopa {(g;) ¥ TOYHOCTH OIIPeIeIeHHUsI
cpensero uncia GoroHos B Moze noas (N). Tounocts
ompeseienns (¢;) HA OCHOBAHUM AIIPOKCUMAIMU T[HU-
CTOTPAMM CTATHCTUIECKUX PACIPEIEICHINH TOKOBBIX MO~
Ka3aHWil CyIIeCTBEHHBIM 00pa30M 3aBUCUT OT BBHIOO-
pa MoAXoJa K MOJIETMPOBAHUIO MIYMOB KayKJIOMO KOH-
KpeTHoro tuia npuemunka [29-31]. CoorBercrByrommmit
BKJIaJ[ B OTHOCUTEJIbHYIO OIIUOKY MOXKET JIOXOJUTH JIO
1-5%. Ommbka oupenesnenust (N) 3aBuCHT OT OMIHUO-
K u3MepeHns [y . ITO H3MEPEHHE OCYIIECTBJISCT-
Csl Ha OCHOBAHUU AIITPOKCAMAIIUU SKCIEPUMEHTAJBHBIX
3aBUCUMOCTEN MOIIHOCTH JE€TEKTUPYEMOTO U3JIyYeHUSs
ITP or MomHOCTH HAKAYKYN B PEXKUME BBICOKOTO YCHUJIE-
Husi. XOTsl COOTBETCTBYIOIIE OTHOCUTEIbHBIE TOTPEIIl-
HOCTH onpejiesienusi {N') pacTyT ¢ yBeJudeHueM f;, 11t
U3MEpEeHUil KBAHTOBON 3(MPEKTUBHOCTA MOXKHO ITOI0-
Oparb pexkUM yMEpPEHHBLIX 3HaueHuil Bg; < 5, upu Ko-
TOPOM BKJI&JI 9TOI'O THUIIA IIOI'PEITHOCTENl OyJIeT Takke
HA YPOBHE, HE IMPEBBIMAIONEM HECKOJBKO MPOIEHTOB.
Kak Bunno uz coornormtenust (17), Tosbko a1u Tpu dak-
TOpAa OIPEJIEISIOT KOHEYHYIO OIUOKY U3MEPEeHMsT KBaH-
TOBOI 9(pPEKTUBHOCTH IO KOBAPHUAIIUU, KOTOPasl TaK-
7K€ MOXKeT OBITH JIOBeleHa 10 3Hadennit menee 10 %. B
ciIydae Ke u3MepeHuit Ha ocnoBanuu TokoBoro NRF mo-
TPeOYIOTCsI JOMIOJTHUTE/IbHBIE IIPOIIELYPhl JIMHEHHOMN all-
IIPOKCHAMAITIH, TO3BOJIAIONIAE ONPeNe/nTh KO3 hurm-
eHThl A2, B2 u B3 (cM. (16)). Bes npoenenust npsMbIx
SKCIIEPUMEHTOB CJIOXKHO IIPEeCKa3aTh OIMIMOKY, BHOCHU-
MYIO 9THMHU TPOIEYPAMH, & TAK¥Ke TO, HACKOJBKO OHI
CMOTYT KOMIIEHCHPOBaTh ommoOKy n3mepenus NRF, cBs-
3aHHYI C HETOYHOCTBIO OTJIEJIbHBIX TOKOBBIX II0Ka3a-
HUA.

B wurore, Mbl paccmoTrpesin obIine COOTHOIIECHWUSI,
OICKHIBAIONINE BIUSHAE XaPAKTEPUCTUK (DJIYKTYUPYIO-
X OMHO(MOTOHHBIX OTKJIUKOB CHTHAJBHOTO ¥ XOJIO-
CTOrO JIETEKTOPOB Ha BEJIUYUHY (DAKTOPA IOABJIEHUS
[IyMa PAa3HOCTHOTO (OTOTOKA U HOPMHUPOBAHHYIO KO-
BapHAIUIO TOKOB JIETEKTOPOB CUTHAJIBLHOTO U XOJOCTO-
o KaHAJIOB B CXEME€ MHOI'OMOJOBOIO IIapaMeTPUIECKO-
I'0 paccesiHusl cBeTa. AHaJ U3 [0/ YeHHBIX COOTHOIIIEHUIA
moKa3bIBaeT, 9ro u3dmepenne Tokooro NRF ¢ ucmosnbzo-
BaHUEM aHAJIOIOBBIX JIETEKTOPOB HE ITO3BOJISET HAIpsi-
MY XapaKTepH30BaTh CTEIEHb JIBYX(OTOHHOIO CXKa-
tug B nose [IP. /i onpenenenns kBanTOBOIM 3bdek-
TuBHOCTHU J1eTeKTOPOB 110 NRF, momumo mpsiMbix m3me-
pennit TokoBoro NRF, Ttpebyercst jionmoHuTEe IBHOE 13-

MepEeHUe U AIMMPOKCUMAINS CTATUCTUIECKUX PACIIpPeie-
JIEHUI TOKOBBIX IOKA3aHUIA JIETEKTOPOB, 3aBUCUMOCTEH
NRF ot gucna dporonos B moze IIP u koadpdunuenra
MIPOIYCKAHUST KAHAJOB. 3HAYUTEIHHO MEHEee I'DOMO3JI-
KOt 1 O0JIee TOIHON MOXKET CTATh IPEJIOYKeHHAs B pa-
6oTe TTpoIieypa OIpeie/IeHnsT KBAHTOBOM 3 PEKTUBHO-
CTH aHAJIOTOBBIX JIETEKTOPOB 110 KOBAPHWAIIUU CUTHAJIb-
HOTO U X0JI0CTOro TOKOB. Ilosrydyennsie pesyapraTsl Oy-
JIyT BasKHBI [IpU pa3pabOTKe SKCIIEPUMEHTAJIbHBIX OCHOB
6e39TaJIOHHBIX METOJIOB KaJIUOPOBKI KBAHTOBOI a3bdek-
THUBHOCTH U OIIPEJIEJICHUS AMIIEP-BATTHON TyBCTBUTEIb-
HOCTH IIAPOKOI'O KPyTa aHAJIOTOBBIX JETEKTOPOB, BKJIIO-
gast TT'11 1eTeKTophl, a TaKyKe JeTeKTOPhI APYTUX CIEK-
TPAJIbHBIX [IMAINA30HOB, HE CIOCOOHBIE PAbOTATH HEIO-
CPEJICTBEHHO B pEKMMe cIeTa (DOTOHOB.
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